In this paper we present work done towards populating a domain ontology using a public knowledge base like DBpedia. Using an academic ontology as our target we identify mappings between a subset of its predicates and those in DBpedia and other linked datasets. In the semantic web context, ontology mapping allows linking of independently developed ontologies and inter-operation of heterogeneous resources. Linked open data is an initiative in this direction. We populate our ontology by querying the linked open datasets for extracting instances from these resources. We show how these along with semantic web standards and tools enable us to populate the academic ontology. Resulting instances could then be used as seeds in spirit of the typical bootstrapping paradigm.
Introduction
Ontologies and knowledge bases play an important role in semantic web. This has led to an independent and distributed effort of developing several domain ontologies and public knowledge bases. In this context, ontology mapping enables interlinking of different ontologies and their population by exploiting similarities between predicates. Prior research discusses several approaches to ontology population ranging from automated to semi-supervised. Bootstrapping approach (Agichtein and Gravano, 2000; Mintz et al., 2009 ) to ontology population often makes use of a small number of seed examples for each predicate in an ontology. Generating these seeds could benefit from availability of a mapping between a domain ontology and a knowledge base like DBpedia. Using an academic ontology as our target, we study this approach to ontology population and propose a query based formulation to map nodes from the academic ontology to those of the DBpedia ontology. For e.g., Journal node from the academic ontology could be mapped to the Academic Journal concept in DBpedia. Similarly Software, Person, Programming Language etc. have corresponding mappings to nodes in DBpedia.
We will now introduce some basic definitions for setting the context of our work. We will then list the important contributions of our work. (Flahive et al., 2011) defines Ontologies as concepts and relationships used to describe and represent an area of knowledge. An ontology is made up of a set of concepts, properties, property mappings and relationships between the concepts. Concepts are the nodes or objects that identify something that exists. Set of relationships relate two concepts within an ontology. They can either link two concepts together or loop back and link to the same concept. Properties provide extra features used to identify the concept. The property mapping element is similar to a relationship element, but it links a property to a concept rather that one concept to another .
Ontology population primarily concerns itself with the identification of instances for classes in an ontology. It is a knowledge acquisition activity that relies on semi-automatic methods to transform unstructured, semi-structured and structured data sources into instance data. (Zhang et al., 2012) define Ontology mapping as follows. Given two ontologies O 1 and O 2 , mapping one ontology onto another means that for each entity e1 (concept, relation, or instance) in an ontology O 1 , we find a corresponding entity e2, which has the same intended meaning, in an ontology O 2 . map(e1 i ) = e2 j The primary contributions of this paper are the following:
• Development of an academic domain ontology.
• Identification of nodes in an academic ontology to be populated using external data sources and mapping to DBpedia ontology nodes.
• Ontology population using SPARQL queries against the DBpedia and other linked datasets.
Related Work
We relate our work to the existing work in the area of ontology population to generate academic knowledge base.
Ontology population involves building and populating an ontology from structured, semistructured and unstructured text. There is a large body of work in ontology population (Brunzel, 2008; Poesio and Almuhareb, 2008; Maynard et al., 2008; De Boer et al., 2007) that uses frequency based term extraction along with shallow NLP techniques. However, enterprise data usually does not have the luxury of highly redundant data exploited in the above approaches. Ontology building and population from collaborative resources such as Wikipedia has developed a great interest in researchers across the world. There are various publicly available data sources built using these collaborative resources on the linked data cloud such as YAGO, DBpedia. YAGO2 (Hoffart et al., 2011 (Hoffart et al., , 2010 Suchanek et al., 2008; de Melo et al., 2008 ) is a Geo-spatial ontology built automatically from Wikipedia, GeoNames, and WordNet. It contains 80 million facts about 9.8 million entities. DBpedia data set (Bizer et al., 2009b; Auer et al., 2008; Morsey et al., 2012) consists of RDF triples extracted from the "infoboxes" commonly seen on the right hand side of Wikipedia articles, while Geonames 1 provides RDF descriptions of millions of geographical locations worldwide. These collaborative resources are also used for bootstrapping the ontology population process. Ontological smoothing (Zhang et al., 2012) uses a semi-supervised technique that learns extractors for a set of minimally-labeled relations. It uses the few examples to generate a mapping from the target relation to a database view over a background knowledge base, such as Freebase. It then queries the background knowledge base to retrieve many more instances that are deemed similar to those of the target relation and the system learns the extractor. Our work is influenced the most from this approach. However we choose to use DBpedia and the datasets linked to it as the source knowledge base due to its higher degree of overlap with the academic ontology. We also differ in the mapping technique and write several manual SPARQL queries against the DBpedia SPARQL endpoint 2 to extract instances to be used as seeds in populating the academic ontology.
Academic Ontology
Ontology building for a specific domain can start from scratch or by modifying an existing ontology. We built our academic ontology using existing Benchmark 3 and Aisso 4 ontologies. Ontologies are merged using the Protege 5 ontology editor and extended to include several classes like award, project etc. and attributes like professor has research-area, course has prerequisite etc. In addition, we scraped the glossary lists available in Wikipedia to populate class hierarchy rooted at the concept class. An ontology that we finally used consists of more than 190 classes, 150 object properties and 150 data properties. Please refer figure 1 for the snapshot of some nodes in an academic ontology.
Ontology Mapping
The preliminary step in extracting instances from external data sources is mapping of nodes in academic ontology with external ontologies. We use ontology mapping between academic ontology and DBpedia ontology. The DBpedia Ontology is hand-made with 205 ontology classes. We first identify the nodes in academic ontology such as academic conferences to be populated using an external knowledge bases. We then identify mappings between these nodes and its relational properties with those in DBpedia. The mapping between external data sources and academic ontology involves mapping between nodes, its data properties and object properties. Though the names of concepts in an ontology match, it may not be exact mapping due to Figure 1 : Academic Ontology snapshot of some nodes in ontology different interpretation in the respective ontologies. Mapping can either be between nodes using equivalence class or subclass or super class relation. All the data properties in the academic ontology may not have corresponding mapping in DBpedia ontology. Conversely all data properties of DBpedia may not have corresponding mapping in Academic ontology like software programming language. There are other issues like the names of label for nodes or property may be different but they mean the same. Example: Label 'location' in DBpedia ontology is same as label 'venue' in academic ontology. Mapping between object property of academic ontology and DBpedia has an additional constraint of checking the domain and range of an object property in both ontologies. We used the above heuristics for ontology mapping between academic ontology and DBpedia ontology. 
Ontology Population
We then search the required entities on linked open data to locate the relevant data source. Due to the openness of this LOD data sources, it is difficult to know data sources relevant for query answering. We use web interface, open link software 6 to ease the task of finding relevant data source. The results for a sample search for glossary of mathematics are displayed in the figure refer figure 2.
Subsequent to data source searching , we query these resources to extract the relevant instances. Data on the linked open data cloud (Bizer et al., 2009a) are expressed using resource description framework (RDF) or web ontology language OWL. RDF is a directed, labeled graph data format for representing information in the Web. SPARQL protocol and RDF query language (SPARQL) Figure 2 : Link open data search results for glossary of mathematics can be used to express queries across diverse data sources, whether the data is stored natively as RDF or viewed as RDF via middleware. We populate our ontology by querying the linked open datasets using SPARQL for extracting the instances from these RDF resources on the LOD cloud. We wrote and executed SPARQL queries through DBpedia SPARQL endpoint 7 . Refer figure 3 for the results from a sample SPARQL query. The SPARQL queries return a set of instances to populate nodes in academic ontology. Refer Appendix A for set of sample SPARQL queries for extracting instances from linked open data. Resulting instances could then be used as seeds in spirit of the typical bootstrapping paradigm. 
Evaluation
The purpose of evaluation was to ascertain the correctness of instances extracted from the linked open data for ontology population. We indexed corpus of three major universities obtained by crawling their pages.We then queried this index for each instance obtained from the linked open data and recorded the top 10 results. We scanned these results to check support for that instance in context of the category being populated. 
Conclusion and Future work
In this work, we showed the feasibility of exploiting overlaps between a domain ontology and public knowledge bases using a query based mapping formulation. In particular, we wrote several SPARQL queries against the DBpedia datasets to extract instances for the predicates in our academic ontology. In the process, we studied different types of mappings between ontology predicates ranging from mapping one concept to a combination of many others to mapping different types of predicates. The instances thus extracted could serve as seeds in bootstrapping the ontology population process. That forms the direction of our future research. Such a populated academic knowledge base could be leveraged in information extraction and retrieval applications built over academic corpora. 
